The marine record of the ocean lithium isotope composition may provide important 35 information constraining the factors that control continental weathering and how they have 36 varied in the past. However, the equations establishing the links between the continental flux 37 of Li to the ocean, its Li isotope composition and the ocean Li isotope composition are under-38 constrained, and their resolution are related to significant uncertainties. In order to partially 39 reduce this uncertainty, we propose a new approach that couples the C and Li cycles, such 40 
Introduction 54 55
Weathering (chemical erosion) of continental Ca-Mg rich silicates serves as a major sink of 56 atmospheric CO 2 . However, determining how such weathering has evolved in the past, as a 57 function of climate or tectonic activity, remains a challenge. Filling this gap in our knowledge 58 is essential if we are to understand how global temperature is regulated on geological 59
timescales. The great potential of lithium isotopes to trace alteration processes has recently 60 been highlighted (see e.g. review in Burton & Vigier, 2011) . Nevertheless, analytical 61 difficulties have limited their use as a marine paleoproxy. Misra & Froelich (2012 ) 62 determined the evolution of the lithium isotopic composition of bulk carbonates and 63 planktonic foraminifera over the past 68 Ma. These authors argue that this record reflects 64 ocean-wide variations, and that the 9‰ increase of the marine δ where present-day published values for F riv , F hyd and Δ oc are reported in Table 2 . We consider 162 that the hydrothermal flux during the Cenozoic decreased slightly as a function of time, 163
following the curve described in Engebretson et al. (1992) , based on variations of subduction 164 rates and mid-ocean ridge volume. This trend is currently used in numerical modeling of the 165 global carbon cycle and appears to be consistent with the Cenozoic climatic evolution 166 (Berner, 2004 ; Lefebvre et al., 2013) . Li has been interpreted as co-varying in a 170 straightforward way with the ocean δ 7 Li. However, one equation is not enough for two 171 independent unknowns. In contrast to the a priori expectation, the variation of the ocean δ way. The reason for this is that it strongly depends on the continental Li flux too, which is 174 likely to have been strongly affected by variation in continental weathering rates during this 175 period of time. One purely theoretical example of the influence of the Li continental flux is 176 illustrated in Figure 2 . This simulation shows that the 0-65Ma foraminifera δ 7 Li record 177 (shown in figure 1) can still be fitted by imposing a constant river δ 7 Li throughout the 178 Cenozoic, and using parameters values which are consistent with published data (Table 2) . 179
We fixed the δriv (δ 7 Li in rivers) to its present-day value (23‰). This is an extreme and 180 unlikely scenario because it does not account for change in the isotope fractionation due to 181 continental weathering. Indeed, the riverine δ 7 Li is expected to vary as a function of the 182 relative importance of dissolution rate and clay formation rate (e.g. Bouchez et al., 2013 All published studies indicate the existence of a strong isotope fractionation during the 252 formation of secondary phases, such as clays or Fe oxides, always in favor of the light isotope 253 ( 6 Li). At periods when the soil production increased in the past due to increase rate of 254 secondary phase formation, we therefore expect that the δ 7 Li of river waters increase, since 255 more 6 Li is incorporated and stored into soils. In fact, the riverine δ 7 Li is the result of the 256 competition (e.g. Bouchez 
The values for the various parameters used in the model are described in Table 2 . As long as 297 the discriminant of eq. 10 is strictly positive, eq. 10 has two solutions for F Our model results demonstrate that a second scenario can also explain the Cenozoic Li 362 isotope record and we will focus on this one in the following because the first one was already 363 investigated in details by Misra & Froelich (2012) and by Li & West (2014) . Figure 3B shows 364 that the δ 7 Li paleorecord can be due to an increase of the riverine Li flux through the 365
Cenozoic. As illustrated in figure 4, this increase is not due to an increase in the dissolution 366 rate of the silicate lithologies, but is mostly due to the decrease of Li storage in secondary 367 phases. Most Li-rich secondary phase are considered to be formed within soil and lateritic 368 profiles, and even if some have the time to be formed during the river transport, this fraction 369 is likely minor compared to the formation of thick soils and kaolinite-rich laterite. Therefore, 370
we consider that most of the Li storage during silicate alteration occur in soils. 371
In order to test the robustness of our result, we performed two different simulations, using 1/ 372 the whole set of equations (for both C and Li, see section 2), and 2/ an imposed variation of 373 δ riv that is arbitrarily forced to increase linearly from 15‰ at 65 Ma to 23‰, its present day 374 value (in that case, only the Li budget is solved, not C). Both simulations lead to similar 375 trends, where Li soil decrease as a function of time (see Figure 4) . This strongly suggests the 376 robustness of the observed decrease, and also confirms that the Li isotope composition of 377 rivers plays only a minor role in the ocean isotopic variation. Overall, these results show that 378 soil Li storage was high from 65 to 50 Myr, and then decreased continuously until its 379 stabilization at about 20 Myrs ago (Figure 4) . 380
In order to be more quantitative, check the consistency of these results and compare them to 381 other proxies, we estimated the corresponding soil formation rates, assuming a Li 382 concentration of 25ppm, which corresponds to an average soil Li concentration, including 383 data shown in Table 1 Figure 3B) , our budget equations require a massive transformation of fresh rocks into 428
regolith. An important soil production also requires important weathering rates, consistent 429 with high estimated atmospheric pCO 2 levels. This intense weathering leads to worldwide 430 production of thick lateritic profiles, which is evidenced in many parts of the world (e.g. phase formation in the ocean and on land respectively) are chosen from within the published 689 range, such that 1/ the seawater paleo-variation exactly match the 5Myr fit of the Misra and 690
Froelich (2012) foraminifera data through the Ceonozoic (0-65Ma) (shown in figure 1 ) and 2/ 691 at time t=0 (present day), both F riv (Li) 
